ii EXECUTIVE SUMMARY
Background and objectives
Rear-end crashes are not only one of the frequently occurring types of crashes, but also are responsible for a large number of injuries and fatalities and substantial property damage every year. In order to develop effective rear-end crash countermeasures, a better understanding of the driving behavior and performance associated with the response to driving conflicts or imminent crash situations is needed. However, it is clear that the involvement of a driver in a crash depends on his/her perception of the complex scenario that emerges prior to a crash and that resolution of the driving conflicts, that have occurred, depends on driver's pre-crash behavior and performance. These facts suggest that the driver attributes, such as age and sex, could possibly be two of several factors that contribute to a driver's involvement in a crash, in general, and in determining the role (striking/struck) he/she assumes in a rear-end crash, in particular. The objective of this study is to investigate if there is a crash involvement profile of drivers of different age groups and of young drivers based on driver's sex. Narrowing the study to rear-end crashes, the study aims at providing statistical evidence of the association between the driver attributes and his/her role in a rearend crash.
Data and methodology
Two databases, the General Estimates System (GES) and the Fatality Analysis Reporting System (FARS), compiled by the National Highway Traffic Safety Administration (NHTSA), were used in the analysis. Statistical methods were used to arrive at the conclusions drawn in this report. Simple statistics, such as percent frequencies, were used for the purpose of preliminary analysis. The statistic Crash Involvement Propensity Index, proposed in this study, proved to be a useful tool for comparison between different age groups with respect to their propensity of being involved in a crash. In addition, the contingency analysis was used to test hypotheses about the association between driver's attributes and driver's role in a rear-end crash. Finally, the joint, marginal, and conditional probabilities were used to bring out the differences among categories of drivers with respect to driver's role in a rear-end crash.
Results and conclusions
Based on GES and FARS data for the year 2000, it was found that drivers younger than 18 years were most vulnerable to roadway crashes, followed by 18 to 24 year old drivers. In fact, the propensity of drivers involved in crashes showed a decreasing trend with increasing age. This, however, was observed up to the age of 69, after which the drivers again showed a higher crash involvement propensity as compared to the drivers who were 25 to 69 year old. Young (18 to 24 year old) drivers were treated as a special group in this study. So far as driver's attribute sex is concerned, among this group of drivers, male drivers were found to be more prone to crash involvement as compared to their female counterparts.
Narrowing the study to rear-end crashes, it could be established that there was strong evidence of an association between age of the driver and driver's role (striking/struck) in a rear-end crash, as was of an association between sex of the young driver and driver's role. It was also found that in rear-end crashes drivers up to the age of 25 years or so are more likely to be in the striking role than in the struck role. In fact, as drivers get older, they tend to be in the striking role less often than in the struck role. Furthermore, young male drivers are more likely to be in the striking role as compared to young female drivers.
The results of this study strongly support the use of driver attributes, age and sex, as stratification variables in data collection and analysis that are directed towards the development of effective rear-end crash countermeasures.
Introduction
A rear-end crash refers to a crash in which the front of one vehicle collides with the rear of another vehicle. Thus, a driver involved in such a crash may be the driver of a striking vehicle, of the struck vehicle, or of the vehicle that both struck and was struck. Rear-end crashes are not only one of the frequently occurring types of crashes, but also are responsible for a large number of injuries and fatalities and substantial property damage every year. In fact, based on the General Estimates System (GES) of the National Automotive Sampling System (NASS) and the Fatality Analysis Reporting System (FARS) data, compiled by the National Highway Traffic Safety Administration (NHTSA), approximately 29.7% of all crashes in the year 2000 were rear-end crashes. These crashes were responsible for 30% of all injuries and 29.7% of the property damage. So far as the involvement of drivers in rear-end crashes is concerned, of the 190,625,023 licensed drivers (Federal Highway Administration (FHWA)) in 2000, approximately 2.2% were involved in rear-end crashes. Further, of the 6% of licensed drivers involved in all types of crashes, 36% were involved in rear-end crashes alone.
This significant involvement of drivers in rear-end crashes alone is a matter of great concern. It is becoming increasingly apparent that in order to develop effective rear-end crash countermeasures, a better understanding of the driving behavior and performance associated with response to driving conflict or imminent crash situations is needed. The present study is an attempt to identify some of the driver-related factors to which crash involvement and driver's role (striking/struck) in a rear-end crash can be attributed. This information can subsequently be used, for example, in stratifying the population of drivers for the purpose of designing a sample for data collection on driver related parameters in rear-end crashes.
In general, the involvement of a driver in a crash depends on his/her perception of the complex scenario that has emerged prior to a crash. Equally important are the driver's precrash behavior and performance to resolve the driving conflicts that have occurred. These facts suggest that the driver attributes, such as age and gender, could possibly be the factors, among others, that contribute to a driver's involvement in a crash, in general, and in determining his/her role in a rear-end crash, in particular. Given a rear-end crash, the questions that immediately and naturally come to one's mind are: Who struck and who was struck and what was the age/gender of the striking and the struck drivers? The answers to these questions lie in GES and FARS databases, which contain a great deal of information about crashes, including the role (striking/struck) of vehicles and hence of the drivers involved in rear-end crashes as well as about their age and gender. What needs to be done, however, from the point of view of driving behavior and performance of a driver prior to a crash, is to find out if the driver attributes, such as age and gender have any impact on his/her involvement in a crash. Pertinent to this study is to further determine if there is an association between these attributes and his/her role (striking/struck) in a rear-end crash. The tendencies of drivers of different age groups and gender, with respect to the role they are likely to assume in rear-end crashes, will also be brought out. Complying with the variables naming convention of GES and FARS databases, the driver attributes age and gender will henceforth be referred to as age and sex of the driver.
In order to seek directions for investigating into the possible relationship between driver attributes and rear-end crash involvement, this study first conducts a preliminary analysis to look at the crash involvement profile of drivers belonging to different groups based on driver's age and sex. Some studies in this direction have been done in the past (e.g., [1] , [2] , [3] ). An important point that needs to be borne in mind, in this regard, is that the crash involvement rates for such groups with reference to the entire population of licensed drivers do not give a true picture. The smallest number of drivers of a category involved in crashes may not mean that this category of drivers is least prone to crash involvement, as this may merely be due to the smallest size of the category in question. The idea is to see which groups contribute disproportionately to crash involvement and hence the rates should have reference to the respective groups rather than to the entire population. Based on this fact, a frequency approach is used for developing the methodology used in this study.
The statistical analysis conducted and the resulting conclusions drawn in this study are based on the information/data retrieved from the following sources: 
Driver attributes and crash involvement
As a first step, a preliminary analysis of GES and FARS data for the year 2000 was conducted to obtain an idea of the incidence of crashes and the role that the driver attributes age and sex might have played in driver's involvement in a crash. In the following analysis, several subpopulations will be defined based on certain criteria so as to look at the problem of crash involvement from various angles.
Driver's age and crash involvement
Based on a pilot study conducted for the development of rear-end crash countermeasures, the population of drivers was partitioned into five age groups: drivers under 18 (Age group 1), 18 to 24 (Age group 2), 25 to 49 (Age group 3), 50 to 69 (Age group 4), and 70 and older (Age group 5), to be also referred to as A 1 , A 2 , A 3 , A 4 , and A 5 . The frequencies of crashinvolved drivers from each age group (category) were calculated using GES and FARS databases. The results, including the frequencies of licensed drivers falling in each category, are summarized in Table A The statistics presented in Figure 1 show that the crash-involved drivers from age groups A 1, A 2, A 3, A 4, and A 5 , respectively, made up 0.4%, 1.2%, 3.1%, 0.9%, and 0.3% of the population of all licensed drivers, D. So far as their representation in the subpopulation, C, of crash-involved drivers is concerned, these age groups, respectively, contributed 6.6%, 20.7%, 51.8%, 15.7%, and 5.1% to various types of crashes.
A comparison of the statistics in Figure 1 further shows that although only 2% of the licensed drivers were in age group A 1 , 19.6% of them were involved in various types of crashes. Similarly, of the 11.5% of drivers belonging to A 2 , 10.8% were involved in crashes.
On the other hand, of the 51.4% of drivers who were in A 3 , only 6.0% were involved in various types of crashes as compared to those in A 4 who made up 29.1% of the driver population with 3.2% involved in crashes. The drivers from age group A 5 made up 6% of the licensed drivers, while 5.1% of them were involved in various types of crashes. It can 
Driver's sex and crash involvement
GES and FARS data for the year 2000 were also analyzed to investigate if sex of a driver plays a role in his/her involvement in a crash. The frequencies and other statistics of the crash-involved and licensed drivers belonging to different categories based on driver's sex are summarized in Table A .2 (Appendix A). These results are presented in Figure 2 and Figure 3 .
The statistics presented in the Venn diagram ( Figure 2) show that sex of the driver is possibly one of the contributing factors in driver's crash involvement. For instance, in the year 2000, although there was a marginal difference in the number of male (50.3%) and female (49.7%) drivers in the entire population of licensed drivers, the percentage of male drivers (60.2) among the crash-involved drivers was significantly higher than that of the female drivers (39.8). Figure 2 also shows that of the 6% of all licensed drivers who were involved in crashes, 3.6% were male and 2.4% female. Further, 7.1% of the male drivers were involved in all crashes as compared to 4.8% of the female drivers.
Referring back to Figure 1 , it can be seen that leaving aside drivers younger than 18 (who made up only 2% of the population of licensed drivers), 18 to 24 year old drivers (to be referred to as young drivers in the subsequent discussion) have the highest crash involvement among drivers who are 18 and older. We will now focus our attention on the group of young drivers and find out the extent to which crash involvement of these drivers can be attributed to the attribute sex. The statistics (from Table A . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . The statistics in Figure 3 show that the young male and female drivers, respectively, accounted for 5.9% and 5.6% of the licensed drivers. So far as the crash involvement profile of young drivers is concerned, it can be noticed in this figure that of the 20.7% of them, who were involved in crashes, 59.9% were male as compared to 40.1% female drivers. Further, 12.4% of the young male drivers were involved in crashes, accounting for 0.7% of all the licensed drivers, while 8.3% of the young female divers were crash-involved, making up 0.5% of the population of licensed drivers.
The representation of male and female drivers in the population of licensed drivers, subpopulation of young drivers, and subpopulation of crash-involved young drivers is displayed in Figure 3 of licensed drivers was reflected in their representations 51.3% and 48.7%, respectively, in the subpopulation of young drivers. This figure also depicts that male to female ratio in the subpopulation of young drivers (100:98.8) does not differ as much from that in the population of all licensed drivers (100:95) as it does in the subpopulation of crash-involved young drivers (100:67).
Crash involvement propensity of drivers
Consider a situation in which, based on a certain criterion (e.g., age), drivers are subdivided into K categories (subpopulations) and our interest is in comparing these categories with respect to their propensity of being involved in a crash. This information can, for instance, be useful in stratifying the population for data collection so that maximum information could be acquired not only in terms of the occurrences of crashes but also in terms of certain driver-related parameters across the driver categories. In order to develop a measure of the crash involvement propensity of a driver belonging to a category as compared to other categories, it is important to consider the occurrence of crashes in this category relative to the occurrence of its drivers in the entire population of drivers. The important information that one needs in this context is an answer to the question: Given that a driver selected at random is from a certain category, what is the probability that he/she would be involved in a crash? In other words, what one needs to look for is the likelihood of a driver of each category being involved in a crash. These likelihoods can then be combined into the statistic φ , called Crash Involvement Propensity Index (CIPI), to provide a reasonable measure of for comparing crash involvement propensities of different categories considered in a given situation. This statistic is given by (for analytical details refer to Appendix B) Note that the numerator in equation (1) takes into account the likelihood or conditional probability (conditional on category) of a driver belonging to the ith category being involved in a crash, while the denominator is the normalizing quantity. As the name suggests, CIPI (equation (1) ) can be used to assess the propensity of drivers belonging to a certain category being involved in crashes, relative to that of the drivers of other categories.
The statistic CIPI was used to compare the five age groups (defined in Section 2.1) of the population of licensed drivers for the year 2000 (FHWA) for their crash involvement propensity. Based on GES and FARS data, φ in equation (1) The crash involvement propensities for the five age groups are plotted in Figure 4 . This figure clearly depicts that as the drivers get older, their propensity of being involved in crashes keeps decreasing (with a noticeably sharp decrease from Age group 1 to Age group 2). It can also be noticed in this figure that the crash involvement propensity increases again when the drivers get older (70 and above). In fact, it reaches almost the same level as of the young (18 to 24) drivers.
Association between driver attributes and his/her role in a rear-end crash
The statistics presented thus far provide a clear idea about the variation that exists in the crash involvement propensity of drivers belonging to different age and sex groups. We now focus our attention on rear-end crashes and seek statistical justification to the possible association between age/sex of the driver and his/her role (striking/struck) in a rear-end crash. As a first step, based on the preliminary analysis conducted in the previous sections, the population of drivers was classified with respect to three factors: Age of the driver, Sex of the young driver, and Role of the driver in a rear-end crash.
Specifically, the following modes of classification were used in the subsequent analysis.
• Classification of drivers based on Age of the driver: • Classification of drivers based on Sex of the young driver:
▪ Young male (18 to 24 male drivers ) ▪ Young female (18 to 24 female drivers)
• Classification of drivers based on driver's Role in a rear-end crash:
▪ Rear-end striking (drivers involved as striking drivers in rear-end crashes) ▪ Rear-end struck (drivers involved as struck drivers in rear-end crashes)
The contingency analysis [4] was carried out to test the hypothesis:
There is no association between Age of the driver and his/her Role in a rear-end crash.
Contingency analysis is one of the useful statistical techniques for testing independence between two or more factors and can be performed on the data that may be meaningfully classified in a contingency χ distribution with 4 degrees of freedom is far less than 169.7, there is strong evidence of the association between Age of the driver and his/her Role in a rear-end crash.
As seen earlier in Section 2.1, drivers under the age of 18 made up only 2% of the total population of licensed drivers, and among drivers older than 17, drivers of age 18 to 24 were most prone to crash involvement (Section 2.3). Based on this profile, we will now focus our attention on the age group: 18 to 24 (young drivers) and test the hypothesis:
There is no association between Sex of the young driver and his/her Role as striking or struck driver. χ distribution with 1 degree of freedom is much less than 33.1, we would reject the hypothesis of independence between Sex of the young driver and his/her Role in a rear-end crash and conclude that there is an association between these two factors.
Thus, the above analysis justifies partitioning of the population of drivers into subpopulations based on (i) age of the driver, and (ii) sex of the driver. A finer analysis conducted in the following sections can provide more insight into the likelihood of the role that a driver of a category (based on age/sex) would assume in a rear-end crash.
Driver attributes and likelihood of his/her role in a rear-end crash
Considered as events, a rear-end crash, and age and sex of the driver involved in a crash cannot be predicted in advance and hence are random events. The phenomenon of the occurrence of rear-end crashes and the involvement of drivers, therefore, submits itself to a probabilistic treatment. For that purpose, we define discrete random variables: X 1 that assumes values, depending on the driver's age; X 2 that assumes values, depending on sex of the driver (with focus on young drivers); and Y that assumes values, depending on the driver's role in a rear-end crash. Specifically, these random variables were defined as:
X 1 {driver's Age} = 1, if driver's age is younger than 18, = 2, if driver's age is 18 to 24, = 3, if driver's age is 25 to 49, = 4, if driver's age is 50 to 69, = 5, if driver is older than 69.
X 2 {driver's Sex} = 1, if young (18 to 24) driver is male, = 2, if young (18 to 24) driver is female, = 3, otherwise (if driver of either sex is under 18 or is older than 24).
Y {driver' Role} = 1, if driver is striking in the rear-end crash, = 2, if driver is struck in the rear-end crash, = 3, otherwise (i.e., if the driver is either involved in a crash other than rear-end or not at all).
Based on GES and FARS data for the year 2000, the joint, marginal, and conditional probability distributions of the random variables X 1 , X 2 , and Y were evaluated, in order to look at the crash involvement profile of drivers categorized on the basis of age and sex Table 4 shows the conditional probability distributions: (i) of X 1, given Y, i.e., of age group, conditional on driver's role (striking/struck) in a rear-end crash (Table 4 (a)), (ii) of Y given, X 1, i.e., of driver's role in a rear-end crash, conditional on driver's age group (Table 4 (b)). These probability distributions provide useful information about the crash involvement profile of drivers belonging to different age groups in rear-end striking and struck crashes.
Driver's age and likelihood of rear-end crash involvement
The conditional probabilities of driver's age groups, given driver's role, as shown in Table  4 (a), are plotted in Figure 5 . This figure also shows the probability distribution of licensed drivers over different age groups. By comparing the distributions of licensed drivers ( Figure  5(a) ), of the striking drivers ( Figure 5(b) ), and of the struck drivers ( Figure 5(c) ) with the normal distribution (dotted line), it can be seen that all these distributions are in close proximity to each other. Also, the conditional probabilities of driver's roles: striking (thick line) and struck (dotted line), given his/her age group, as shown in Table 4 (b), are plotted in Figure 6 . This figure shows that among five age groups, the incidence of rear-end striking crashes is most probable for drivers of Age group 1 (younger than 18). tend to get involved in rear-end striking crashes less often. Additionally, Figure 6 shows that as the drivers get older, they tend to be in the striking role less often than in the struck role. It is also interesting to note in this figure that drivers of Age group 5 (70 and above) are likely to get involved in striking crashes as often as in struck crashes.
Sex of young driver and likelihood of rear-end crash involvement
We now focus our attention on the subpopulation of young drivers and compare the likelihood of rear-end crash involvement of male and female drivers of this subpopulation.
Of special interest will be to bring out the difference between the tendencies of male and female drivers in this group, if any, in assuming the role (striking/struck) in a rear-end crash. For that purpose, the joint, marginal, and conditional probability distributions of the random variables X 2 and Y were evaluated using GES and FARS data for the year 2000. The results are presented in Table 5 . The joint and marginal probabilities (Table 5 (a)) for young male and young female drivers are also displayed in Figure 7 . The important conclusion that one can draw from this figure is that relative to the likelihood of a driver being male or female in the population of licensed drivers, the likelihood of involvement of young male drivers in rear-end striking crashes was 1.5 times greater than that of the young female drivers, while the likelihood of involvement of young male drivers in rear-end struck crashes was only slightly greater (1.1 times) than that of young female drivers. The conditional probabilities of driver's Role, conditional on driver's Age/Sex (from Table  5 ) for young male and young female drivers are plotted in Figure 8 . This figure shows that young male drivers are more likely to get involved in striking crashes as compared to young female drivers, though both of them have a higher tendency to be in the role of a striking driver than that of the struck driver. 
Conclusions and recommendations
The present study was initiated with the descriptive statistical analysis. The rates (percent frequencies) calculated with reference to the population and subpopulations of drivers indicate crash involvement profiles of drivers of different age/sex groups. The use of the statistic CIPI, proposed in this study, further enabled a comparison of the crash involvement propensity of drivers belonging to different age groups. In fact, based on propensity, the population of licensed drivers in 2000 can be classified into four categories: (i) drivers under 18 (with highest propensity), (ii) 18 to 24 year old drivers (with the next highest propensity, though much lower than the previous age group), (iii) 25 to 69 year old drivers (with the minimum propensity), and (iv) drivers 70 and above (with the same propensity as of 18 to 24 year old drivers). This information provided useful guidelines for further analysis conducted in the context of rear-end crashes.
The contingency analysis of GES and FARS data for 2000 shows that both driver's age and sex are strongly associated with driver's role (striking/struck) in a rear-end crash. Some important inferences could be made about the occurrence of rear-end crashes, on the basis of joint, marginal, and conditional probability distributions. Based on driver's age and role in a rear-end crash, these distributions indicate that drivers under 18 have the highest incidence of rear-end striking crashes. These probability distributions also show that the likelihood of involvement in rear-end striking crashes, rather than in struck, decreases with age. Similarly, based on the young driver's sex and role in rear-end crash, the probability distributions show that young male drivers are more prone to rear-end striking crashes as compared to their female counterparts.
The statistics presented in this study show that the involvement of drivers in crashes, in general, and the role that a driver may assume in a rear-end crash, can be attributed to driver attributes age and sex. This, in turn, strongly supports the use of these attributes as stratification factors in data collection and analysis that are directed towards development of effective rear-end crash countermeasures.
6. Appendix A. Tables   Table A. 1. This table shows the results presented in Figure 1 (Venn diagram), partitioning the population of licensed drivers in subpopulations, based on age of drivers. Figure 2 (Venn diagram), partitioning the population of licensed drivers in subpopulations, based on sex of drivers and sex of the young drivers. In order to develop a measure of the crash involvement propensity of a driver belonging to a category as compared to other categories, it is important to consider the occurrence of crashes in that category relative to the occurrence of its drivers in the entire population of drivers. For this purpose, we consider the space Ω of all drivers belonging to a category and the subspace C Ω of those drivers of this category who are involved in crashes.
Let ) (Ω L be the probability that a driver selected at random belongs to the category Ω , ) ( C L Ω be the probability that a driver selected at random is involved in a crash, given that he/she belongs to the category Ω .
Let N be the number of drivers in the entire population of drivers that has been subdivided into K categories, based on a certain criterion, S i the number of drivers belonging to category i (S i >0), and C i the number of drivers belonging to category i who are involved in crashes, i= 1, 2,…,K. Then the Crash Involvement Propensity of category i drivers can be defined as Note that i λ in (B.2) is basically, the conditional probability of a driver being involved in a crash, given that he/she belongs to that ith category. In order to compare the crash involvement propensity of mutually exclusive categories A 1 , A 2 ,…,A K into which the population of all drivers is subdivided, these probabilities can be combined to define the CIPI 
